Introduction {#sec1}
============

Gene transfer strategy is a promising approach to treat inherited and acquired retinal disorders. Several clinical trials have demonstrated the therapeutic potential of viral vector-mediated gene transfer for the treatment of Leber congenital amaurosis,[@bib1]^,^[@bib2] retinitis pigmentosa,[@bib3] choroideremia,[@bib4], [@bib5], [@bib6] and age-related macular degeneration,[@bib7] and the range of indications approved for gene therapy trials is increasing[@bib8]. These clinical trials utilized adeno-associated virus (AAV) to deliver the gene of interest to the retina. AAV vectors derived from non-pathogenic parvovirus emerged as the predominant vehicles for gene delivery because of their minimal immunogenicity, long-term gene expression in dividing and terminally differentiated cells, and wide range of host and cellular tropism.[@bib9]^,^[@bib10]

Two main routes of AAV administration are used to target the retina---subretinal and intravitreal (IVT). The subretinal route involves an injection of viral vector into the potential space between photoreceptors and retinal pigment epithelium (RPE) with the risk of potential complications, such as retinal thinning, inflammation, recurrent retinal detachment, and choroidal effusion.[@bib1]^,^[@bib6]^,^[@bib11] IVT injection is a widely used method in clinical practice as a relatively safe method to deliver various therapeutic agents, including viral vectors.[@bib12], [@bib13], [@bib14], [@bib15], [@bib16], [@bib17], [@bib18] However, the transduction efficiency of viral vectors administered by IVT injection may be affected by several factors, including, but not limited to, the vitreous humor, inner limiting membrane (ILM), retinal extracellular matrix and cell surface proteoglycans.[@bib19], [@bib20], [@bib21] Improvement of retinal gene transduction using extracellular matrix-degrading enzymes[@bib19]^,^[@bib20]^,^[@bib22] or surgical interventions such as vitrectomy[@bib23] and/or ILM peeling[@bib21] have been reported. However, the proposed solutions harbor a risk of ocular adverse effects: enzymatic vitreolysis may lead to functional and structural changes in the retina due to the diffuse protease effect,[@bib20]^,^[@bib24]^,^[@bib25] and surgical manipulations may potentially be accompanied by complications related to additional surgical procedures.

Different approaches were evaluated to augment the retinal transduction of AAV vectors. Recently, we reported the improvement of AAV-mediated retinal transduction by prior laser photocoagulation of the mouse retina *in vivo*.[@bib26] In the current study, to enhance the retinal transduction of AAV vector, we took into account the needle parameters and depth of insertion, as they are considerable factors in terms of the effectiveness of therapeutic agents delivered by the IVT route.[@bib12]^,^[@bib27] The correlation was observed between the depth of insertion of the needle and treatment outcomes.[@bib12]^,^[@bib27]^,^[@bib28] There is no consensus regarding the needle gauge and length for IVT injection.[@bib12]^,^[@bib27] The commonly used needle size in clinical practice ranges from 27G to 30G and 8 to 13 mm in length.[@bib12]^,^[@bib29]^,^[@bib30] We hypothesized that delivering the vector close to the retina (peripapillary injection) using a novel injection system under direct visualization would improve the transduction efficacy of viral vector. To test our hypothesis, we compared the transduction efficacy and safety profile of peripapillary IVT injection of AAV2-CMV-EGFP using a novel injection system constructed with an optical fiber inside a 27G (25-mm) needle-attached syringe and a conventional IVT injection (27G \[13 mm\]) in rabbit eyes ([Figure 1](#fig1){ref-type="fig"}).Figure 1A Novel Illuminated Long-Needle Attached Injection System(A) Schematic of a novel illuminated long-needle attached injection system with a light source. (B) Peripapillary injection of the viral vector using the novel injection system under direct visualization of the fundus.

Results {#sec2}
=======

Clinical Examination {#sec2.1}
--------------------

Examination of the anterior segment of rabbit eyes before injection revealed one eye with grade 2 conjunctival hyperemia in rabbits of both the conventional and peripapillary injection groups, and other eyes demonstrated grade 0 or 1 hyperemia. At 2 weeks, grade 2 conjunctival hyperemia was observed in three eyes of rabbits in both groups. At 4 weeks, all eyes of rabbits in the conventional injection group showed grade 0 or 1 hyperemia, while one eye of a rabbit in the peripapillary injection group treated with viral vector still had mild hyperemia ([Figure 2](#fig2){ref-type="fig"}A).Figure 2Clinical Findings in Rabbits after Injection of AAV2 EGFP and Vehicle Using Conventional and Peripapillary InjectionThe findings from AAV2 or vehicle-injected eyes using conventional and peripapillary injection are presented for each rabbit (n = 7 per group) at 0, 2, and 4 weeks of observation. Symbols represent rabbit IDs: 322, 242, 598, 268, 710, 230, and 184 for the conventional injection group; 786, 624, 422, 155, 937, 127, and 325 for the peripapillary injection group.

At weeks 2 and 4 post-injection, grade 1 and 2 vitreous opacities were observed in both groups of rabbits. However, balanced salt solution (BSS)-injected eyes demonstrated less vitreous abnormalities than did AAV2-injected eyes in both groups (p \> 0.05). Vitreous opacities were mostly located peripapillary and/or in the central vitreous in rabbit eyes that received AAV2 ([Figure 2](#fig2){ref-type="fig"}B).

*In Vivo* Imaging of GFP Fluorescence {#sec2.2}
-------------------------------------

Fundus imaging of AAV2-injected rabbit eyes in the conventional injection group showed a few scattered GFP fluorescent signals on the 2nd week of observation ([Figure 3](#fig3){ref-type="fig"}D2). At 4 weeks, GFP fluorescence appeared as an accumulation of signal in some parts of the retina ([Figure 3](#fig3){ref-type="fig"}D3). Autofluorescence (AF) images of AAV2-injected rabbit eyes in the peripapillary injection group showed the homogeneous distribution of GFP signal throughout the retina at 2 weeks of observation, and the signal intensity was enhanced at 4 weeks ([Figures 3](#fig3){ref-type="fig"}E1--[3](#fig3){ref-type="fig"}E3). Fundus images of rabbits before injection and vehicle-injected eyes at 4 weeks served as control ([Figures 3](#fig3){ref-type="fig"}A--3C).Figure 3Representative Fundus Images of Rabbit Eyes Injected with AAV2(A) Color and AF image of rabbit eye before injection. (B) Color and AF images obtained from rabbit eye after 4 weeks of vehicle injection using a conventional method. (C) Color and AF images obtained from rabbit eye after 4 weeks of vehicle injection using the novel system. (D1--D3) Color and AF images of the conventional injection group's rabbit eye before injection (D1) and after 2 (D2) and 4 weeks (D3). (E1---E3) Color and AF images of the peripapillary injection group's rabbit eye before injection (E1) and after 2 (E2) and 4 weeks (E3).

Histologic Examination {#sec2.3}
----------------------

Confocal microscopy of flat mounts of retinas following AAV2 injection via the conventional technique resulted in a sparse and low-intensity fluorescence mostly limited to the ganglion cell layer (GCL) and barely found in the inner nuclear layer (INL) ([Figure 4](#fig4){ref-type="fig"}A). The peripapillary injection technique increased the depth of retinal transduction. The analysis of confocal slices at the level of GCL following peripapillary injection revealed an evenly distributed strong fluorescent signal from structures resembling nerve fibers and ganglion cells ([Figure 4](#fig4){ref-type="fig"}A). Deeper in the retina, a number of GFP-expressing cells were observed in the INL ([Figure 4](#fig4){ref-type="fig"}C). 3D images of rabbit retina demonstrate GFP signals from the full thickness of z-sectioned constructs ([Figure 4](#fig4){ref-type="fig"}D). The results of the quantitative analysis of GFP-expressing cells are summarized in [Figure 4](#fig4){ref-type="fig"}E.Figure 4GFP Expression in Rabbit Retina(A) z stack slides of rabbit retina at the level of ganglion cells. Scale bars, 50 μm. (B) Representative fundus images of the rabbit retina. (C) z stack slides of rabbit retina at the level of INL. Scale bars, 50 μm. (D) 3D reconstruction of z stack images of rabbit retina. (E) Quantitative analysis of GFP-expressing cells in GCL and INL of rabbit retina. Bars represent the mean number of GFP-positive cells ± SEM per field. ∗p \< 0.01.

Furthermore, to evaluate GFP transduction in different retinal layers as well as the cellular tropism based on cell shape and location, cryosections of rabbit retina were analyzed for fluorescence ([Figure 5](#fig5){ref-type="fig"}). Cryosections from AAV2-injected rabbit eyes in the conventional injection group showed weak GFP expression in GCL and rarely in INL. Cryosections of AAV2-injected rabbit eyes using the novel injection system demonstrated strong GFP fluorescence and broad cellular tropism including ganglion cells, Müller cells, horizontal cells, and bipolar cells ([Figure 5](#fig5){ref-type="fig"}).Figure 5Expression of GFP in Rabbit Retinas at 4 weeks of Injection (Scale Bars, 50 μm)

Cell-Mediated Local Immune Response {#sec2.4}
-----------------------------------

To identify histological changes reflecting a local immune response, we performed immunostaining for glial fibrillary acidic protein (GFAP) and ionized calcium-binding adaptor molecule 1 (Iba1) antibodies. Control rabbit retina demonstrated no GFAP immunoreactivity, as the healthy rabbit retina Müller cells lacked GFAP.[@bib31], [@bib32], [@bib33] AAV2-injected eyes of rabbits in the conventional and peripapillary injection groups demonstrated GFAP immunoreactivity, suggestive of glial activation ([Figure 6](#fig6){ref-type="fig"}A). Immunostaining for Iba1 antibody also demonstrated a few amoeboid microglial cells in control retina, whereas Iba1 immunoreactivity in AAV2-injected retinas of rabbits was upregulated in both groups ([Figure 6](#fig6){ref-type="fig"}B).Figure 6Glial Cell Activation in Transduced RetinaImmunofluorescence staining of rabbit retina for GFAP (A) and Iba1 (B). Scale bars, 50 μm.

Aqueous Humor Analysis {#sec2.5}
----------------------

The total protein level in aqueous humor (AH) obtained from rabbits in the conventional and peripapillary injection group before injection was at a concentration of 4.04 ± 0.5 and 3.21 ± 0.12 mg/mL (mean ± SEM), respectively. At 2 weeks, virus vector injection resulted in higher levels of the total protein in AH compared to that of vehicle-injected AH in both groups. However, at 4 weeks, total protein level in AH samples from the conventional and peripapillary injection group decreased to the baseline values, that is, 6.96 ± 1.31 and 4.99 ± 0.32 mg/mL, respectively (mean ± SEM). The changes in the total protein level during the observation period between AAV-administered groups using conventional and peripapillary injection were not significant (p = 0.965). AH of lipopolysaccharide (LPS)-treated rabbit eyes demonstrated increased protein content of 15.72 ± 0.08 mg/mL (mean ± SEM, [Figure 7](#fig7){ref-type="fig"}A).Figure 7Aqueous Humor Analysis(A--C) Analyses of total protein level (A), expression of IL-6 (B), and expression of IL-8 (C). Bars represent the mean ± SEM.

Cytokine levels in AH from rabbits in the conventional and peripapillary injection groups are shown in [Figures 7](#fig7){ref-type="fig"}B and 7C. Interleukin (IL)-6 evaluated by ELISA were at minimum detectable levels at baseline (5.6 ± 2.86 pg/mL, mean ± SEM) and 2 weeks of observation in the AH obtained from rabbits in the conventional injection group (AAV2, 1.62 ± 0.84 pg/mL; vehicle, 11.23 ± 6.05 pg/mL; mean ± SEM). At 4 weeks, the conventional injection group demonstrated an elevation of IL-6 levels in AH of both AAV2 and vehicle-injected eyes (120.14 ± 5.1 and 133.19 ± 6.6 pg/mL, respectively; mean ± SEM). The peripapillary injection group showed similar levels of IL-6 at 2 and 4 weeks of injection ([Figure 7](#fig7){ref-type="fig"}B). Comparison of two injection groups showed no significant difference in IL-6 levels in AH at post-injection week 4 (p = 0.158, [Figure 7](#fig7){ref-type="fig"}B). AAV2 administration using the novel injection system resulted in the transient elevation of IL-8 at week 2 post-injection (189.6 ± 10.75 pg/mL), since at week 4 post-injection, IL-8 expression (79 ± 16.24 pg/mL) was at baseline levels (90.47 ± 5.87 pg/mL, mean ± SEM). The conventional injection group showed similar levels of IL-8 at each time point in both AAV2 and vehicle-injected eyes ([Figure 7](#fig7){ref-type="fig"}C). The difference in IL-8 levels in AH of AAV-administered groups using conventional and peripapillary injection at week 4 post-injection was out of statistical significance (p = 0.183). LPS-treated rabbit eyes served as a positive control and demonstrated high levels of IL-6 (676.2 ± 37.03 pg/mL) and IL-8 (360.3 ± 61.2 pg/mL, mean ± SEM) ([Figures 7](#fig7){ref-type="fig"}B and 7C).

Discussion {#sec3}
==========

In this study, we demonstrated that injection of recombinant viral vector close to the retina using an illuminated long-needle attached injection system improves transduction efficacy of AAV2-CMV-EGFP virus. Viral vector effectively transduced retinal ganglion cells, Müller cells, and INL cells. These findings suggest the novel injection system as a potential method of IVT viral vector delivery in clinical trials.

We used recombinant AAV2-CMV-eGFP virus and a rabbit eye model for IVT injection. AAV2 is the most widely studied serotype and is effectively used in many clinical trials.[@bib1], [@bib2], [@bib3], [@bib4], [@bib5]^,^[@bib7] In the context of IVT injection, rabbit eyes are a convenient model because of similarity of volume with human eyes and are widely used in gene therapy research.[@bib13]^,^[@bib14]^,^[@bib34]^,^[@bib35] As a type of minimally invasive intraocular surgery, IVT injections may be complicated by intraocular inflammation. Therefore, we assessed inflammatory response to injection by clinical examination of the conjunctiva and vitreous cavity. Examination of conjunctiva revealed grade 1 and 2 conjunctival hyperemia at different time points, even prior to the surgical procedure, in AAV2 and vehicle-injected eyes of rabbits in both groups. These observations indicate that hyperemia was not associated with the injection procedure and or viral vector administration. Clinical findings of vitreous examination at weeks 2 and 4 post-injection were also limited to grade 1 and 2 vitreous condensations, and vehicle-injected eyes tended to have fewer vitreous opacities when compared with AAV2-injected eyes (p \> 0.05). The onset of vitreous signs of an inflammatory response to AAV2 administration at 2 weeks indicates that vitreous condensation was related to viral vector, not to the injection procedure. Of note, no morphological changes of the retina were observed on color fundus images during 1 month of observation ([Figure 3](#fig3){ref-type="fig"}).

The most common AAV serotypes in clinical use, that is, AAV2 and AAV8, demonstrate limited transduction efficacy restricted to the inner retina when administered IVT.[@bib36], [@bib37], [@bib38], [@bib39], [@bib40] These AAV serotypes have certain capsid properties, which contact with different cell surface receptors to enter the host cell and are a major determiner of its cellular tropism and transduction efficacy.[@bib41]^,^[@bib42] However, the transduction efficacy of injected viral vector even with rationally designed capsid structure may be reduced by vitreous due to the physical and rheological properties of the latter.[@bib43], [@bib44], [@bib45] Dilution of concentration of injected viral vector in the vitreous,[@bib43] and the structural components consisting of collagen and other proteins,[@bib46] may trap the injected vector and result in uneven distribution, and subsequently low transduction efficacy.[@bib23] Autofluorescence images of rabbit retina that received AAV2 using the conventional technique demonstrated the patchy-like distribution of GFP signal predominantly at the injection site ([Figure 3](#fig3){ref-type="fig"}), consistent with the findings in other publications.[@bib20]^,^[@bib38]^,^[@bib47]^,^[@bib48] Other vitreous-related obstacles for the therapeutic agent are viscosity (the anterior portion of vitreous is denser and more viscous) and compositional gradients, which are concerned as the major factors of determining the local differences in concentrations of IVT administered small molecules or vectors.[@bib38]^,^[@bib46]^,^[@bib49], [@bib50], [@bib51] According to the fundus and confocal images of flat mounts of AAV2-injected eyes in the injection group, which show widespread strong GFP signaling throughout the retina ([Figures 3](#fig3){ref-type="fig"} and [4](#fig4){ref-type="fig"}), the proposed technique allowed the viral vector to traverse the aforementioned barriers. In addition to the uniform distribution of viral vector throughout the retina, the peripapillary injection enabled the viral vector to penetrate deeply to reach the INL, thereby demonstrating enhanced transduction ([Figure 5](#fig5){ref-type="fig"}).

Another physical barrier, ILM, that also prevents AAV to reach the retina, was proposed for removal, which may potentially cause retinal damage.[@bib52], [@bib53], [@bib54] Thus, the proposed modulations to circumvent the physical barriers, that is, enzymatic or surgical removal of vitreous and/or ILM,[@bib19], [@bib20], [@bib21], [@bib22], [@bib23] could be considered as two-edged swords, unlike our novel technique using the simple approach with minimal intervention. Conventional IVT manipulations using an endoilluminator require another additional port; however, our equipment, which uses an illuminated long-needle-attached injection system, allows the surgeon to visualize the fundus and inject the therapeutic agent through the single port, thereby reducing the surgical risk. To assess the safety of the peripapillary injection, we analyzed the tissue for local immune response and AH for cytokine content. Glial cell activation is considered as a local response to any type of neuronal damage.[@bib9]^,^[@bib55] In our study, AAV2 administration in both injection groups resulted in GFAP expression in rabbit retina ([Figure 6](#fig6){ref-type="fig"}A), which is normally devoid of GFAP.[@bib31], [@bib32], [@bib33] In addition, Iba1 immunoreactivity was found to be increased upon AAV2 administration in the retina of rabbits in both groups compared with control retinae ([Figure 6](#fig6){ref-type="fig"}B). These results indicate that activation of the glia was associated with vector administration, consistent with the results of other studies, which reported temporality of the process without transition to chronic inflammation.[@bib56], [@bib57], [@bib58], [@bib59]

It is generally accepted that intraocular inflammation results in the induction of cytokines in the vitreous cavity along with AH.[@bib60], [@bib61], [@bib62] Therefore, we analyzed AH for the levels of IL-6 and IL-8 ([Figure 7](#fig7){ref-type="fig"}). The results of the ELISA assay demonstrated similar levels of cytokines at 4 weeks in both groups of rabbit eyes injected with AAV2 or vehicle. Thus, normal morphology of the retina with trace to mild inflammatory signs of the anterior segment as well as cytokine levels demonstrated that subclinical signs of inflammation might arise after AAV2 administration, and the safety profile of the peripapillary injection technique was found to be the same as for the conventional method.

Taken together, the use of illuminated long-needle attached injection system for IVT administration allows the viral vector to widespread throughout the fundus and penetrate the deeper layers of the retina with dramatically enhanced transduction efficacy than using the conventional method, with a similar safety profile. The novel injection system may serve as an effective tool in experiments with large animals and in clinical trials to reach the maximum potential of gene therapy.

Materials and Methods {#sec4}
=====================

Animal Care {#sec4.1}
-----------

This study was conducted in accordance with the *Guide of the Care and Use of Laboratory Animals* and the Association for Research in Vision and Ophthalmology Statement for the Use of Animals in Ophthalmic and Vision Research, and it was approved by the Institutional Animal Care and Use Committee for Soonchunhyang University Hospital Bucheon. 15 New Zealand White rabbits (male, 2--2.5 kg) were used in this study and housed under standard vivarium conditions (23°C--26°C, 12-h light/12-h dark cycle, food and water provided *ad libitum*). Prior to experimental procedures including ophthalmological examinations, AH collection, and IVT injection, rabbits were anesthetized by subcutaneous injection of a mixture of tiletamine/zolazepam (Zoletil) (3 mg/kg) and xylazine (5 mg/kg).

Grouping and IVT Injection {#sec4.2}
--------------------------

The animals were randomly grouped into two groups of seven rabbits each. Right eyes of rabbits received 100 μL (2.11 × 10^11^ vector genomes \[vg\]) of peripapillary IVT injections of recombinant AAV2-CMV-EGFP (Vigene Biosciences, Rockville, MD, USA), and left eyes received 100 μL of BSS using the same injection method as for right eyes. Seven rabbits (14 eyes) were treated using a novel injection system ([Figure 1](#fig1){ref-type="fig"}A). The novel injection system was constructed with optical fiber (OZ Optics, Ottawa, ON, Canada) inside the syringe attached to a 27G needle 25 mm in length. The optical fiber was connected to a 650-nm light source (MBB1F1; Thorlabs, Newton, NJ, USA).

The injection procedure was performed after the induction of general anesthesia, and the eyelids and the conjunctival sac were disinfected by 5% povidone-iodine in BSS. Pupil dilation was achieved with 0.5% tropicamide and 0.5% phenylephrine (Tropherine; Hanmi Pharmaceutical, Seoul, South Korea). Viral vector was injected deep into the vitreous cavity in front of the optic nerve using the novel injection system under a surgical microscope (OPMI Lumera 700; Carl Zeiss, Oberkochen, Germany) ([Figure 1](#fig1){ref-type="fig"}B). The conventional method used to treat seven rabbits (14 eyes) was to inject the viral vector or vehicle using a 27G 13-mm needle. One rabbit (both eyes) was treated IVT with 50 μg of (LPS) and was labeled as the positive controls for AH analysis. The needle was maintained in place for 30 s to allow pressure equilibration.

Ophthalmological Examinations {#sec4.3}
-----------------------------

All rabbits were examined at baseline and 2 and 4 weeks. Ophthalmological examinations of the rabbit eye included evaluation of conjunctival vessels, vitreous body, and fundus imaging. Conjunctival hyperemia was evaluated by slit-lamp biomicroscopy as described previously with some modifications.[@bib63] Briefly, the following scores were used: 0, conjunctiva appeared blanched to reddish pink without perilimbal injection; 1, enlargement of vessels normally visible at the limbus; 2, branching of vessels at the limbus, new vessels are visible; 3, new vessels visible on bulbar conjunctiva; 4, deep, bright, diffuse redness of conjunctiva. The status of the vitreous was evaluated by slit-lamp biomicroscopy using the grading system as described previously with some modifications.[@bib64] Briefly, the following scores were used: 0, clearly visible posterior pole; 1, few opacities without obscuration of retinal details; 2, few opacities resulting in slightly blurring of fundus details; 3, significantly blurred retinal details, but distinguishable; 4, fundus details are not visible.

Wide-field fundus images were taken using Optos California (Optos, Dunfermline, Scotland) at baseline and weeks 2 and 4 post-injection. Rabbits were anesthetized followed by dilation of pupils with 0.5% tropicamide and 0.5% phenylephrine. Fundus images were taken in the mode of color and autofluorescence.

Tissue Collection and Preparation {#sec4.4}
---------------------------------

Rabbits were euthanized with CO~2~ at 4 weeks of viral vector injection. Enucleated eyes were immersed in 4% paraformaldehyde in PBS for 3 h, followed by removal of the anterior segment of the eye and vitreous body. The eye cup was fixed for an additional 16 h at 4°C. The retina was carefully dissected from the eye cup, mounted on glass slides, and coverslipped. For cryosections, the retina was immersed in 30% sucrose for 24 h for cryoprotection. Furthermore, the eye cup was embedded in OCT compound (Sakura Finetek, Torrance, CA, USA), sectioned at 10 μm, mounted on adhesion microscope slides (HistoBond; Marienfeld-Superior, Lauda-Königshofen, Germany), and stored at −80°C until analysis.

Immunofluorescence Assay {#sec4.5}
------------------------

Flat-mount retinas and cryosections were processed for immunofluorescence assay. Flat mounts were rinsed in 0.1% Triton X-100 in PBS and blocked with 5% goat serum in PBS for 2 h. Next, the tissues were exposed to chicken polyclonal GFP antibody (catalog \#ab13970, Abcam, Cambridge, UK) in blocking buffer for 48 h at 4°C. After washing with washing buffer, the tissues were incubated in goat anti-chicken IgY H+L (fluorescein isothiocyanate \[FITC\]; catalog \#ab46969, Abcam, Cambridge, UK) for 24 h at room temperature. The nuclear counterstaining was performed with Hoechst 33342 in PBS. The tissues were mounted with fluorescence mounting medium (Dako, Santa Clara, CA, USA). Cryosections of rabbit retina were washed with washing buffer followed by blocking in blocking buffer for 1 h. Furthermore, sections were exposed to primary antibodies (GFP \[catalog \#ab13970\] and Iba1 \[catalog \#019-19741\], Wako, Richmond, VA, USA; GFAP \[catalog \#12389\], Cell Signaling Technology, Danvers, MA, USA) in blocking buffer for 2 h at room temperature. After washing with washing buffer, the tissues were incubated with secondary antibodies (goat anti-chicken IgY H+L \[FITC\], Abcam, Cambridge, UK and Alexa Fluor 568, Invitrogen, Carlsbad, CA, USA) for 2 h at room temperature. After Hoechst staining and washing, sections were mounted with fluorescence mounting medium. The negative control experiments were carried out in the same manner ([Figure S1](#mmc1){ref-type="supplementary-material"}).

Image Analysis and Cell Counting {#sec4.6}
--------------------------------

Tissue imaging was performed with the use of the Leica SP8 (Leica Microsystems, Wetzlar, Germany) confocal microscope. Six visual fields representing a 1,162.4-μm length and 1,743.6-μm width were randomly sampled from each flat-mounted retina, and serial optical z sectioning was performed. Three-dimensional images were reconstructed using a Leica LAS-X software package. GFP-expressing cells at the level of GCL and INL were manually calculated using ImageJ software (National Institutes of Health, Bethesda, MD, USA).

Aqueous Humor Collection and Analysis {#sec4.7}
-------------------------------------

After induction of general anesthesia followed by pre-procedure antisepsis, AH samples were collected with a 30G needle before injection of the viral vector, at weeks 2 and 4 post-injection. The needle was introduced into the anterior chamber through the cornea, and approximately 100 μL of AH was passively extracted. All samples were stored at −80°C until analysis.

Protein concentration was evaluated using a bicinchoninic acid (BCA) kit (Thermo Scientific, Middlesex, MA, USA) according to manufacturers' protocol. The absorbance value at 562 nm was detected using a SpectraMax ABS Plus microplate reader (Molecular Devices, San Jose, CA, USA).

Rabbit AH was assayed for a rabbit IL-6 ELISA kit (MyBioSource, San Diego, CA, USA) with a minimum detection limit of 5 pg/mL and a rabbit IL-8 ELISA kit (Cusabio Technology, Houston, TX, USA) with a minimum detection limit of 23.5 pg/mL according to the manufacturer's protocol. The absorbance value at 450 nm was detected using a SpectraMax ABS Plus microplate reader (Molecular Devices, San Jose, CA, USA).

Statistical Analysis {#sec4.8}
--------------------

The repeated-measures ANOVA was used to compare the differences in clinical signs of inflammation. An independent sample t test was used to evaluate the differences in GFP-expressing cell numbers between groups. The Kruskal-Wallis test with *post hoc* analysis was used to calculate the statistical significance of differences among groups in aqueous humor analysis. Statistical analysis was performed with the IBM SPSS Statistics software (version 22, IBM, Armonk, NY, USA). Differences were considered statistically significant when p ≤ 0.05.
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